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(54) Photocurable liquid resin composition 

(57) The present invention relates to a pholocuratsle 
liquid resin composition comprising: (A) a cationically 
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Description 

Field of the Invention 

5 [0001 1 The present invention relates to a photocurable liquid resin composition exhibiting siperior photocurability and 
capable of producing a cu^ed product exhbiting Ngh mechanical strength. More particularly; the present invention 
relates to a photocurable resin composition suitably used as a coating material for plastics, various fibns, wood, ceramic 
wares, tfass, quartz fbers for optical communication, papers, metals, cans for drinks, f bers. and the Bke, a resin for 
pholofabrication of three-dimensional objects, sealing materials or adhesives for semi-conductor devices, under ffll 

10 materials, adhesives for optical materials, printing tx>ard materials, and the like. In particular, when said composition is 
used as a resin for photofatx-icatfon of three<iimensional objects, the composition exhibits high photocurability by expo- 
sure to various light sources such as a laser and an UV lamp^ and the resulting cured three-dimensional otajects exhixt 
excellent impact resistance and superior fokSng endurance. 

IS Background of the Invention 

[0002] In recent years, pholofabrication of thre&dimensional objects consisting of cured resin layers integrally lami- 
nated by repeating a step of selectively irradiating a pfiotocurat)le Iquid material (photocurable resin composition) has 
been proposed (see Japanese Patent Applications Laid-open No 247515/1985, U.S. Patent 4,575,330, No. 

20 35966^1987. No. 101408/1987, and No. 241 19/1993). 

[0003] A typical example of the atxjve photofak)rication process is as folfows. A cured resin layer having a specified 
pattern is formed by selective exposure to radiatkxi such as from an ultraviolet laser on the suriace of the photocurable 
resin composition in a vessel. An amount of the photocurable resin corrposition equivalent to anotfier layer is then pro- 
vided over this cured resin layer foilcwed by selective irradiation to the liquid surface to form a new cured resin layer 

25 integrally laminated over the primary layer. The atxTve step using ttie same or different irradiated patterns is repeated 
certain times to obtain a three<limensk)nal object consisting of a plural integrally-laminated cured resin layer. This pho- 
tofabrfoation ^mcess has attracted considerable attention, since three-dimensional objects having a corrpficated shape 
can be easily formed in a sfiort time by using this process. 

[0004] As the photocurable resin composition used in this photofalxfoatfon of three-dimensional objects, the following 
30 resin composHfons (a) to (c) have been conventfonally proposed: 

(a) a resin composition containing a radically polymerizatde organic compound such as urethane (meth)acrylate, 
oligoester (meth)acrytate, epoxy (meth)acrylate, thiol, ene compound, and photosensitive polyimide (see, for 
example, Japanese Patent Applications Uid-open No. 204915/1989, No. 208305/1990, and No. 160013/1991}; 
35 (b) a resin composition containing a cab'onically polymerizable organic compound such as an epoxy compound, 
cyclic ether compound, cyclic lactone compound, cyclic acetal compound, cydic thioether compound, spiro orthoe- 
ster compound, and vinyl ether corrpound (see, for example, Japanese Patent Applicatkxi Laid-open No. 
213304/1989); and 

(c) a resin oomposHfon containing both a radically polymerizable orgarac connpound and a cationk^lly polymeriza- 
40 ble organs compound (see, for example. Japianese Patent Applicatfons Laid-Qpen No. 28261/1990. No. 
75618/1990. and No. 228413/1994). 

[0005] In view of eff k»ency of the photDfat>rk»t'on, the photocurable resin composition used in the photofabrication is 
required to exhibit low viscosity for immediately formir^g a smooth liquid surface and high curability t>y ^qposure to radi- 
os ation, and the resulting cured product consisting of the three-dimensional objects is required to exhibit no swelling and 
minimal deformation such as warping, indentation, and overhanging of the stretched part caused by shrinkage during 
curing by exposure to radiation. Moreover, superior stability with time of these mechannal properties are required for 
such objects. 

[0006] The three-dimensional ot)jects formed by the photofatxfoation are used for design models, prototypes of 
50 mechanical parts, and tfie like. In particular, when these three-dimensional objects are used for prototypes of mechan- 
ical parts, such objects have to be formed by high-precision mk^rofabrication conforming to specified procedures and 
exhfoit sufficient mechanical strength, superior heat resistance, and excellent waterproofing characteristfos under use 
conditions. 

[0007] However, no conventional resin composHfon can satisfy the above demands. Three-dimensional ot)jecls 
ss formed b»y photofabrrcating the above<lesaibed conventional resin compositions exhibited deformation with time such 
as warping, indentation, and overhanging of tfie stretched part due to reskiual distortion caused by the shrinkage during 
curing. When the resin composition (a) containing a radically polymerizable organic compound such as urethane 
(metii)acrylate. oligoester (meth)acrylate, epoxy (meth)acrylate, tiiiol. ene compound, and photosensitive polyimkle is 



2 



EP0 938026A1 



used as the photocurable resin, although the resulting three-dimensional objects exhibit relatively ^cellent mechanical 
properties, it has been pointed out that further Improvements are required to minimize inaccuracy of fabrication and var- 
iation with time of the fabricated forms (Journal of Fabricatlonp vol. 9, No. 5, pp. 330-335, 1997). In order to increase 
accuracy off fabrication, a method for controlling phototransmission depth of the resin composition by blending core- 
5 shell composite polymer particles (see Japanese Patent Application Laid-open No. 11 4733/1 991} or particles consist- 
ing of polarizing materials having a refractive index essentially differing from that of the resin compositbn (see Japa- 
nese Patent Application Laid-open No. 103415/1991) by utilizing diffusion of light has been proposed. However, 
sufficient accuracy of fabrication has not been achieved by using such a method. 

[0008] When the resin composition (b) containing a cationically polymerizatsle organic compound such as an epoxy 
10 compound, cyclic ether compound, cyclic lactone compound, cyclic acetal compound, cyclic thioether compound, spiro 
orthoester compound, and vinyl ether compound is used as tfie photocurable resin, fabrication cannot be carried out 
efficiently due to insufficient curablity of the composition. The three-dimensional objects formed from the resin compo- 
sition (b) exhitHt relatively higher accuracy of fabrication, hlowever, t)ecause mechanical properties of the resulting 
three-dimensional objects deteriorate with time depending on the working conditions (temperature and humidity), such 
15 objects cannot be used under the conditions where long-term mechanical strength is required. Moreover, it has t>een 
pointed out tiiat these objects cannot be used practically as functional parts because of insufficient mechanical 
strength, in particular, insufficient toughness such as low impact resistance and low folding enduranca 
[0009] In view of the akxTve situation, the resin composition (c) containing both a radically polymerizable organic com- 
pound and a cationically polymerizable organic conpound has been proposed. AHhough curability of tiie composition 
20 is improved to a certain extent, the objects formed from the composition cannot be used in practice because of inade- 
quate mechanical properties, in particular, insufficient toughness. 

[001 0] In order to provide tiiree<imensional objects witii mechanical strengtii, toughness in particular, a resin com- 
position containing microparticles with a specific gravity differing from that of the resin composition in a range within 0.2 
has t>een proposed (see Japanese Patent Application Laid-open fslo. 145616/1990). In spite of increased toughness of 
25 the resulting three-dimensional objects, such objects exhik)ited weak folding endurance during repeated foldings wfien 
used as functional parts. 

ProWenrg tQ be Solved by the invention 

30 [001 1 ] The present invention has been achieved t>ased on tiie above situation. 

[001 2] An object of tiie present invention is to provide a novel photocurable liquid resin composition. 

[pOIS] A second object of the present Invention is to provide a pfxitocurable liquid resin composition used lor photo- 

fatxication of tfiree-dimensional objects which exhit>it superkx mechancal strengtii and high dimensional accuracy and 

are suitably used as prototypes for mechanical parts and the like. 
35 [001 4] A tiiird object of the present invention is to provide a photocurable liqukJ resin composition used for phctofab- 

rication of three-dimensional objects exhibiting small deformation with time. 

[pOiq Afourthok4ectofthepresentinventk)nistoprovkieaphGtocuFableliqu^ 

rication of three-dimenskKial objects exhibiting smaH variation of mecfianteal properties with time. 

[001 8] A fiftii object of tlie present i nventkm is to provide a photocurable liquid resin composition used for photofabri - 
40 cation of three-dimensional objects exhibiting superior mecfiank^al properties, in particular, high toughness such as 

high impact resistance. 

[0017] A sixth object of tiie present invention is to provide a photocurable liquki resin composition used for photofab- 
rication of tfiree-dimensk>nal objects exhibiting high folding endurance. 

[0018] A further object of tiie present invention includes those wherein the photofabrication composition is transparent 
45 before cure and/or after cure. 

Summary of The Inversion 

[001 9] The above objects can be achieved by the photocurable liquid resin composition of the present invention com- 
50 prising: 

(A) a cationically polymerizable organic compound; 

(B) a cationic photopolymerization initiator: 

(C) an ethylenk^ally unsaturated monomer; 
55 (D) a radical photopolymerization initia1or;and 

(E) a polyetiier pdyol compound having one or more hydroxyl groups in one molecule. 
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Brief Description of the Drawings 
[0020] 

5 Rgure 1 is a perspective view of a a three<limensionaI model used for measuring tiie deformation witfi respect to 
time of the cured products formed from the photocurable compositfons of Examples and Comparative Examples. 
Figure 2 is an elevation view of the thre&dimensional model, of Rgure 1 , in the for measuring accuracy of fabrica- 
tion (dimension) of the cured products formed from the photocurat)le compositions of Examples and Comparative 
Examples. 

10 Figure 3 is an elevation view of a three-dimensional object used for measuring dimensional accuracy of the cured 
products formed from the photocurable compositions of Examples and Comparative Exairples. 

Explanation of Synfcob in Figure 2. 

IS [0021] 

10: warping model 

11.12: leg 

20: horizorrtal stand 

20 

Cationically polymerirahle prganig <;^?mpognci(A) 

[0022] The cationically polymerizable organic corrpourxJ (A) of the photocurat)le resin composition of the present 
invention (herein also called "component (A)") polymerizes or crosslinks by irradiation in the presence of cationic pho- 
25 topdymerization initiators. 

[0023] The molecular weight of component (A) is between 120 arxi 10.000, preferably between 150 and 5.000. more 
preferably between 180 and 2,000. 

[0024] Examples of such a compound include epoxy compounds, oxetane compounds, oxoiane compounds, cyclic 
acetal compounds, cyclic lactone compounds, thiirane compounds, thiethane compounds, vinyl ether compounds, 

30 spiro orthoester corrpounds obtained t>y the reaction of an epoxy compound with at least one lactone compound, eth- 
ylenically unsaturated compound, cyclic ettier compound, cyclic thioether compound, vinyl compound, and/or tiie like. 
[0025] Preferred cationically polymerizable organic compounds include ^ycidyl ettier compounds, including di-, tri- 
and polyglyddyl ettier compounds, and aiicydic ether compounds including those comprising residue of carboxyfc 
adds such as, for example, alkylcartx)xylic add residual groups, alkylcycloalkyk:artx>xylic add residuai groups and 

35 diall^ dk:artx)xylic add residual groups. Suitat)le epoxy compounds that can be used as component (A) indude. for 
example, tMsphenol A diglycidyl ether, bisphend F diglyddyl ether, bisphenol S diglyddyl ether, brominated bisphenol 
A diglyddyl ether. t>rominated t>isphenol F diglyddyl ether, brominated bisphenol S diglyddyl ether, epoxy novolak 
resin, hydrogenated bisphenol A diglyddyl ether, hydrogenated bisphenol Fcfiglyddyl etiier, hydrogenated bisphenol S 
diglyddyl ether, 3.4-epoxycydohexyinDethyl-3'.4'-epoxycydohecanecartx>xylate, 2-(3.4-epaxycyctohexyl-5,5-spiro-3,4- 

40 epoxy)cydohexane-1.4-diQxane. bis(3.4<epoKycyclohexylmethyl)adipate. vinylcydohexene oxide, 4-vinylepoxycy- 
dohexane. bis(3,4-epoxy'€-methyk;ydohexylmethyl)adipate,3,4-epoxy-6-nfYethylcydohexyl-3\4'-epQxy^^ 
ck>hexanecartx>xylate, mettiylenet)is(3,4-epoxycydohe)(ane), dicydopentadiene diepoxide, di(3,4- 
epoxycydohexylmethyl) ettier of ettiylene glycol. ethylenebis(3,4-epoxycydohexanecartKixylate), epoxyhexahydrocfioc- 
ty4>htiialate. epoxyhexahydro-di-2-e^he}(yl phtiialate. 1 .4-butanediol diglycidyl ettier. 1.&-hexanediol diglycidyl ether. 

45 glycerol trigtyddyl ettier, trimetiiylolpropane triglycidyl etiier, polyettiylene glycol diglycidyl ether, polypropylene glycol 
diglycidyl etiier. polyglyddyl ettiers of polyetfier polyd otjtained by the addition of one or more alkylene oxides to 
aliphatk; polyhydric alcohols such as etiiylene glycol, propylene glycd. and glycerol, diglycidyl esters of aliphatic long- 
chain dik>asic acids, monoglyddyl ethers of aliphatic higher alcohols, monoglycidyl ettiers of phend, cresd, butyl phe- 
nol, or polyelher akx)hols obtained k^y the addition of aU^ene oxide to these compounds, glycidyl esters of higher fatty 

50 acids, epoxidated soybean oil, epoxyAxjtylsteark; add, epoxyoctylstearic add. epcoddated linseed oil, epoxidated pdyb- 
utadiene. and the like can be given. 

[0026] Examples of other cationically polymerizable organic compounds which can be used as the component (A) 
include oxelanes such as trimethylene oxide. 3.3-dimettiyloxetane, 3,3-dichkxomettiyloxetane, 3-ettiyl-3-phenoxymeth- 
ytoxetane. and bis(3-ethyl-3-mettiyfoxy)butane; cxolanes such as tetrahydrofuran and 2.3-dimethyttetrahydrofuran; 
ss cydic acetals such as ta'ioxane, 1 ,3-dioxolane, and 1 .3.6-trioxanecydooctane; cydic lactones such as p-propyolactone 
and 8-caprolactone: thiiranes such as ettiylene sulfide, 1 ,2-propylene sutfide, and thioepichlorohydrin; thietiianes such 
as 3.3-dimethylthiettiane; vinyl ethers such as etiiylene glycol divinyl ether, triethylene glycol divinyl etiier. trimetiiylol- 
propane trivinyl ettier; spiro orthoesters obtained by the reaction of an epoxy compound and lactone; ethylenically 
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unsaturated compounds such as vinyicydohexane, isot)utylene. and polyfcxjtadiene; derivatives of the above com- 
pounds; and the like. 

[0027] Of these cationically polymerizal)le organic compounds, bisphenol A diglyddyl ether, bMsphenol F diglycidyl 
ether, hydrogenated bisphenol A diglycidyl ether, hydrogenated bisphenol F diglycidyl ether, 3,4-epoxycyclohexyinf)e- 

5 thyl-3\4-epQxycyclohexanecartx)xylate, bis(3,4-epoxycyclohexylmethyl)adipate. 1 ,4-butanediol diglycidyl ether, 1,6- 
hexanediol diglyddyl ether, glycerol triglyddyl ether, trimethylolpropane triglycidyl ether, neopentyl glycol diglycidyl 
ether, polyethylene glycol diglycidyl ether, arxJ polypropylene glycol diglycidyl ether are preferabia As even more pre- 
ferred cationically polymerizat)le organic compounds used as the component (A), epoxy compounds having two or 
nfxxe alicyclic epoxy groups in a molecule such as 3,4-epoxycydohexylmethyl-3\4'-epoxycydohexanecartx>xylate, and 

10 bis(3,4-epQxycydohexylmethyl)adipate can be given. 

[0028] As examples of commerciaHy available products of the cationically polymerizable organic connpounds suitat)ly 
used as the component (A), UVR-6100, UVR-6105, UVR-61 10, UVR-6128. UVR-6200. UVR-6216 (manufactured by 
Union Carbide Corp.). Celoxide 2021, Celoxide 2021 P. Celoxide 2081, Cebxide 2083. Celoxide 2085. Celoxide 2000, 
Celoxide 3000, GHycidole, AOEX 24, Cyclomer A200. Cydomer Ml 00. Epolead GT-300. Epolead GT-301, Epolead GT- 

is 302, Epolead GT-400, Epolead 401 . Epolead 403 (manufactured by Daicel Chemical Industries. Ltd.). Epicoat 828, Epi- 
coat812. Epicoat 1031, Epicoat 872, Epicoat CT508 (manufactured by YUka-Shell Epcxy K.K.), KRM-2100. KRM-2110, 
KRM-2199. KRM-2400, KRM-2410, KRM-2408. KRM-2490. ICRM-2200, KRM-2720. KRM-2750 (manufactured by 
Asahi Denka Kbgyo Co., Ud.), Rapi-Cure DVE-3, CHVE, PEPC (manufactured by ISP). VECTDMER2010, 2020, 4010, 
4020 (manufactured by AlliedSignal), and the like can be given. 

20 [0029] Component (A) may comprise a single type of cationically polymerizatile compound or include cont>inations 
of two or more cationically polymerizat)le compounds. 

[OOSOU The proportion of tiie conrponent (A) used in the photocurable resin composition of the present invention is 
usually, relative to the total compositon, 20-85 wt%. preferably 30-80 wt%. and more preferat3ly 40-75 wt%. If the pro- 
portion is too small, three-dimensional objects formed from tiie resin composition may exhibit insufficient dimensk>nal 
25 accuracy and deformation with time may t>e caused. On the other hand, if the proportion is too large; the resin compo- 
sition may exhbit inferior photocurabOity which may result in ineff ident fabrication. 

Cationic photopolymerization initiator (B) 

30 [0031] The cationic photopolymerization initiator of the photocurat>le resin composition of the present invention 
(herein also called 'component {Bf) evolves a material whk;h initiates cationically polymerization of the component (A) 
by exposure to energy rays such as radiation. Here, energy rays such as radiation indude visible rays, ultravioiet rays, 
infrared rays. X-ray, a -rays, p-rays, r-rays. and the like. As exanrples of preferable compounds used as the component 
(B), onium salts represented by fornula (1) can be given: 

35 

[RlaR^bR^R^dWr^^IMXn^J-'" (I) 

wherein a cation is an onium ion; W represents S, Se, Te, P, As, Sb. Bi, 0, 1. Br, CI, or -lst=pN; R"*, R^, R^, and R^ inde- 
pendently represent organic groups; a, b, c, and d independentiy represent integers from 0^, provkied that the total of 
40 (a + b-ft-c + d)is equal to the of valence of W; M is a metal or a metalloid which constitutes a center atom of the halide 
complex [MXrH-ml, tor example. M represents B. P. As, Sb. Fe. Sn, Bi, Al, Ca, In, Ti, Zn. Sc, V, Cr, Mn, Co; X represents 
a halogen atom such as F, CI. and Br; m represents a positive charge of a halkie complex ton; and n represents a 
valence of M. TTiis onium salt evolves Lewis acids by Irradiation. 

[0032] As specific examples of an anton [MXr^rnl above formula (1), tetrafluoroborate (BF4 ). hexafkJoropfK>s- 
45 phate (PFg ). hexafluoroantimonate (SbFe'), hexafiuoroarsenate (AsFg*), hexachloroantimonate (SbCle'). and the like 
can be given. 

[0033] Moreover, onium salts having an anion represented by the formula [MXn(OH)^ and onium salts having other 
anfons such as perchtoric acki ion (CIO4 ), trrfluoromethane suHbnic add ton (CFsSO^'). fluorosuHbruc ackl ion (FSQs' 
), loluenesulfbnic acki ion. trinitrobenzenesultorac ackJ anion, trinitrotoluenesutfonk; add anion can also be used. 

so [0034] Of these onium salts, aromatic onium salts are more preferable as tiie component (B). Examples of such aro- 
matic onium salts indude: aromatic halonium salts disdosed in. for example. Japanese Patent Applications Lakf-open 
No. 151996/1975 and No. 158680/1975, VIA group aromatic onium salts disdosed in. for example. Japanese Patent 
Applications Uki-open Na 151997/1975, rto. 30899/1977, No. 55420/1981. and No. 125105/1980; VA group aromatic 
onium salts disdosed in, for example, Japanese Patent Application Laki-open Na 158698/1975; oxosutfoxonium salts 

55 disclosed in, for example. Japanese Patent Applications Laid-open No. 8428/1981, No. 149402/1981, and No. 
192429/1982; aromatic diazonium salts disdosed in, for example, Japanese Patent Application Laid-open No. 
17040/1974; thfopyrylium salts disclosed in, tor exanple, U.S. Patent No. 4.139.655; and the like. In addition, iron/allene 
complex initiators, aluminum complex/photolysis silicon compound initiators, and the like can also be given as exam- 
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pies. 

[0035] As exannples of commercially available products of caHonic photopolymerlzation initialors suitably used as the 
confponent (B). UVI-6950. UVI-6970. UVI-6974, UVI-6990 (manufactured by Union Carbide Corp.). Adekaoptomer SP- 
150, SP-151, SP-170, SP-171 (manufactured by Asahi Denka Kogyo Co.. Ltd.). Irgacure 261 (manufactured by Ciba 

5 Specialty Chemicals Ca, Ltd.). CI-2481. CI-2624. CI-2639. CI-2064 (manufactured by Nippon Soda Co., Ltd.), CD- 
1010, CD-1011, CD-1012 (manufactured by Sartomer Co., Ltd.), DTS-102, DTS-103, NAT-103p NDS-103, TPS-103. 
MDS-103, MPI-103, BBM03 (manufactured by Midori Cfiemical Co.. Ltd.). PCH)61T. PCI-oe2T PCI-020T, PCI-022T 
(manufactured by Nippon Kayaku Co., Ltd.), and the like can be given. Of these, UVI-6970, UVI-6974, Adekaoptomer 
SP-170, SP-171, CD-1012. and MPI-103 are particularly preferatrfe in view of higher photocuring sensitivity of the 

10 resulting resin composition. 

[0036] These cationic photopolymerlzation initiators can be used either incfividually or in combinations of two or more 
as the component (B). 

[0037] The proportion of the component (B) used in the photocurak)le resin composition of the present invention is 
usually, relative to the total weight of the composition, 0.1-10 wt%, preferably 0.2-5 wt%. and more preferably 0.3-3 wt%. 
75 If the proportion of the component (B) is too small, decreased photocurablility of the resin composition may result In 
insufficient mechankal strength of the resulting three-dimensk>nai objects. On the other hand, if the proportion is too 
large, oontroling of cure depth of the resin composition may be difficult due to Insuff kaent phototransmission in the pho- 
tofabrtoatkm, whereby tfie resulting tfvee-dimensional objects may exhibit irfiuffident accuracy of fabrication. 

20 Ethvlenfcallv unsaturated monomer (C) 

[0038] The etfiylentoally uisaturated monomer (C) of the photocuable resin oonrposition of the present Invention 
(herein also called "component (C)*! is a compourKl having an ethylenically unsaturated txxxi (C=C) in the nrK>lecule. 
Examples of such a compound include monofunctional monomers having one etfrylenically unsaturated bond in one 
25 molecule and polyfunctk>na) monomers having two or more ethylenically unsaturated bonds in one nx>lecule. 

[0039] The molecular weight of the ethylenically unsaturated nx>nomer (c) is between 80-10,000, preferably between 
100^,000. more preferably between 110-2,000. 

[0040] As examples of monofunctional monomers which can be suitably used as Une component (Q, acryfamide, 
(meth)acryloylmorpholine, 7-amino-3,7-dimelhyloctyl (meth)acrylate, isobutoxymethyl (meth)aCTylamide. isoborny- 

30 Icxyethyl (melh)acrylate, isot>omyl (meth)acrylate, 2-etfiylhexyl (meth)acrytete, ethyWietfiylene glycol (meth)acryfate, t- 
odyl (meth)acryfamide, diacetone (meth)acrylannide. dimethylaminoethyl (meth)acrylate, diethylaminoethyl (meth)acr- 
ylate, lauryl (meth)acrylate. dicyclopentadiene (meth)acryfate, dteyctopentenykscyethyl (meti)acryiate, dicyciopentenyl 
(n)e1h)acryfate, N,N-dtmetiiyl(meth)acryfamkletetrachk}rophenyl (nf}eth)acrylate, 2-tBtrachlorophenoxyelhyl (meth)acr- 
ylate, tetrafiydrofurfuryl (meth)acrylate, tetralxomophenyl (meth)acrytate, 2-tetrabromophenoxyetfiyl (meth)acryiate. 2- 

35 trichlorophencxyethyt (meth)acrylate. trilxonrxjphenyl (meth)acrylate. 2-trbromophenGxyethyl (meth)acrylate. 2-tiydrox- 
yethyl (meth)acrytete, 2-hydra)(ypropyi (meth)acrylate, vinylcaprolaclam, N-viny^^yn-olidone, phenoxyettiyl (meth)acr- 
yfate, txJt(»cyethy1 (meth)acrylate. pentachk>rophenyl (meth)acryfate, pentabronrK)phenyl (meth)acrylate. polyethylene 
glycol mono(meth)aaylate. polypropylene glycol mono(meth)acrylate, bornyt (meth)acrylate, methyltriethylene diglycol 
(melh)acryla[te, alkoxyfated phenol(meth)acrytate, alkoxylated alkyi phenol(meth)acrylate, esterified methyttetrahydro- 

40 furan (meth)acrylate, esterified 2-isobutOKyl-1.3<liOKane(melh)acryfate, and esterified metfiylated-2-isobutoxyl-1.3- 
dioxane(meth)acryfate. 

[0041] Of these monofunctbnal nrx>nomers, isobomyl (nrieth)acrylatep lauryl (melh)acryiate, and phenoxyethyl 
(meth)acrylate are particularly preferable. 

[0042] As examples of commercially availak)le products of these monofunctional monomers, ARONIX M-101 , M-102, 
45 M-111, M-113, M-11 7, M-152. TO-1210 (manufactured by Toagosel Ca. Ltd.). KAYARAD TC-110S. R-564, R-128H 
(manufactured by Nippon Kayaku Ca. Ltd.). Viscoat 192. 220, 2311 HP, 2000, 2100, 2150. 8F. 17F (manufactured by 
Osaka Organic Chemk^l Industry Co., Ltd.). and the like can be given. 

[0043] Polyfunctional monomers nnay include those derived from polyaicohols having 3-8 hydroxy groMps. Preferably, 
tfie polyfunctional nronomers are derived from polyakx>hols such as pentaerythritols (including di-pentaerytfvitol) and 

50 trtalkylolalkaans. The polyaicohols may be reacted with a lactone, for example, caprolactone and the like; and/or alkox- 
yfated with 1-12 moles of an alkoxide including, for example, etheneoxide or propeneoxide. Examples of polyfunctional 
monomers which can be suitably used as the component (C) include ethylene glycol di(meth)acrylate, dicyctopentenyl 
di(meth)acryfate, triettiylene glycol diaaytate, tetraethytene glycol di(meth)acryfate, tricycksdecanediyidimethylene 
di(meth)acrylate, tris(2-hydroKyethyl)isocyanurate di(meth)acrylate, tris(2-hydrQxyethyl)isocyanurate tri(me4h)acryfate, 

55 caprolactone-modified tris(2-hydroxyethyl)isocyanurate tri(meth)acrylate, trimethylolpropane tri(meth)acrylate, ethyl- 
ene oxide (hereinafter called "EO") modified trimetiiylolpropane trl(meth)acryfate, propylene oxide (hereinafter called 
"POT modified trimethylofpropane trl(meth)acrylate, tripropylene glycol di(meth)acrylate, neopentyl glycol di(meth)acr- 
yfate, bisphend A digiycidyl ether with both terminal (meth)acryfates, 1.4-butanediol di(meth)acrylate, 1,6-hexanedk>l 



6 



EP0 938026A1 



di(meth)acrylate, pentaerythritol tri(meth)acrylate, pentaerythritoi tetra(meth)acrytate, polyester di(meth)acrytate, poly- 
ethylene glycol di(meth)acrylate. dipentaerythrrtot hexa(meth)acrylate, dipentaeryttiritol penta(meth)acrylate, dipen< 
taerythritol tetra(meth)acrylate, caprolactone-modrfied dipentaerythritot hexa(meth)acrylate, caprolactone-mcdrfied 
dipenlaerythritol penta(meth)acrylate, ditrimetliytolpropanetetra(meth)acrylatep EO-modified bisphenol Adl(meth)acr- 
5 ylate. PO-modified bisphenol A di(melh)acrylale, EO-modified l^rogenated bisphenol A di(meth)acrylate, PO-nxxli- 
f ied hydrogenated bisphenol A di(meth)acrylate, EO-modified bisphenol F di(meth)acrylate, (meth}acrylate of phenol 
ncvolak polyglycidyl ether, and the like. 

[0044] As examples of commercially available products of these polyfunctional monomers, SA1 002 (manufactured t)y 
Mitsubishi Chemical Corp.). Viscoat 195. 230. 260. 215. 310. 214HP. 295. 300. 360, GPT, 400, 700, 540, 3000, 3700 

70 (manufactured by Osaka Organic Chemical Inckjslry Co.. Ltd.). KAYARAD R-526, HDDA, NPGDA, TPGDA. MANDA, R- 
551. R-712. R-604. R-684, PET60. GPO^03, TMPTA. THE-330. DPHA. DPHA-2H. DPHA-2C. DPHA-21, D-310. D- 
330. DPCA-20. DPGA-30. DPCA-60. DPCA-120, DN-0075. DN-2475. T-1420. T-2020, T-2040. TFVV-320. TPA-330. RP- 
1040, RP-2040, R-011, R-300, R-205 (manufactured by Nppon Kayaku Co., Lfcf.). ARONIX M-210. M-220. M-233. M- 
240, M-215. M-305. M-309, M-310. M-315. M-325, M-400, M-6200. M-6400 (manufactured by Toagosei Co.. Ltd.). Lite 

15 Acrylate BP-4EA. BP-4PA. BP-2EA. BP-2PA, DCP-A (manufactured by Kyoeisha Chemical Co.. Ltd.), New Frontier 
BPE-4, BR-42M, GX-8345 (manufactured by DaHchi Kbgyo Seiyaku Co., Ud.), ASF-400 (manufactured by Nippon Steel 
Chemical Co.. Ltd.). Lipoxy SP-1506, SP-1507, SP-1509, VR-77. SP-4010, SP-4060 (manufactured by Showa Hi^pol- 
ymer Co., Ltd.), NK Ester A-BPE-4 (manufactured by Shin-fsfakamura Chemical Co.. Ltd.). and the like can be given. 
[0045] The above monofunctional monomers and polyfunctional monomers can be used either indivlduaHy or in conn- 

20 binations of two or more, or in combinations of at least one monofunctional monomer arxl at least one polyfunctional 
monomer as the component (C). It is preferable that the component (C) contain 60 wt% of polyfunctional monomers 
having three or more ethylenically unsaturated bonds in a molecule. The proportion of these polyfunctional nmiomers 
having three or more ethylenically unsaturated bonds used in the component (C) is more preferably 70 wt% or more, 
even more preferably 80 wt% or more, and most preferably 1 00 wt%. If the proportion of these polyfunctional monomers 

25 is less than 60 wt%, tfie resin composition may exhbit decreased photocurability and tfie resulting three^imenskxial 
objects nf)ay exhibit deformation with time. 

[0046] These polyfunctional morxxners having fturee or more ethylenically unsaturated bonds can be selected from 
the group consisting of the above-mentioned tri(meth)acrylate compounds, tetra(meth)acrylate compounds, 
penta(meth)acry1ate compounds, and hexa(meth)acrylate compounds. Off these, trimethylolpropane tri(meth)acryfate. 

30 EO-nxxjified trimethylolpropane tri(meth)acrylate, dipentaerythritol h^a(meth)acrylale. cipentaerythritol 
pen1a(meth)acrylate, ditrimethyldpropane arxi tetra(meth)acryfate are particularly preferable. 
[0047] The proportion of the component (C) used in the photocurable resin composition of the present invention is 
usuaHy, relative to tfie tolal composition, 5-45 wt%^ preferably 7-35 wt%, and more preferably 7-25 wt%. If the proportion 
of the component (C) is too small, insufficient photocurability of the resin composition may result in inferior mechanical 

35 strength of the three^imensional objects. On the other tiand. if the proportion is too large, the resin composition may 
exhibit sfvinkage during curing by irradiation and the resulting three<iimensional objects may exhibit insufficient heat 
resistance and decreased moisture resistance. 

Radical photopolvmerization initiator p) 

40 

[0048] The radical photopolymerization initfator (D) of the photocurable resin composition of the present invention 
(herein also called "component (D)") is a compound which decomposes by exposure to energy rays such as radiation 
to initiate radical polymerization of the component (C) witii radicals. 

[0049] As specific exarrples of the radical photopolymerization initiator used as the component (D), acetophenone. 

45 acetophenone benzyl kefal. antiiraquinone. 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one. carl>azole, xan- 
thone, 4-chlorobenzophenone. 4.4'-diaminobenzophenone, 1,1-dimethcKydecxyt>enzoin, 3,3'-dimethy1-4-methoxyben- 
zophenone, thioxanethone compounds, 2-nri€tfTyl-1-[4-(methyfthio)phenyi]-2-morpholino-propan-2-on, 2-benzyI-2- 
dimettiytaniino-1-(4-nriorpholinophenyf)4xitan-1-one, triphenylamine, 2,4,6-trimethylbenzoyldiphenylphospNne oxide, 
t)is(2,6KlimettKXxybenzoyl-2,4,4-trimethylpentylphosphine oxide, benzyl dimethyl ketal. l-hydroxycyclohexylphenyt 

50 ketone. 2-hydroxy-2-methyl-1-phenylpropan-1-one, fluorenone, fluorene, benzaldehyde, benzoin ethyl ether, benzoin 
propyl ether, benzophenone, Mk;hler's ketone, 3-methylacetophenone, 3,3',4,4'-tetra(t-butylperoxycartx)nyl)benzophe- 
none (BTTB), combinations of BTTB and dyesensitizers such as xanthene. thioxanthene, cumarin, and ketocumarin. 
and the lite can be given. Of these, benzyl dimethyl ketal. 1-hydroxycyclohexylphenyl ketone, 2.4.6-trimethylbenzoyld- 
iphenylphosphine oxide. 24>enzyl-2-dimethyfannino-1-(4-nnorpholinophenyl)-butan-1-one, and the lite are particufarly 

55 preferable. 

[0050] These radical photopolymerization initiators can be used ehher individually or in combinations of two or more 
as the component (D). 

[0051] The proportion of the component (D) used in tiie ptiotocurable resin composition of the present invention is 
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usually, relative to the total cx)mposition, 0.01 -10 wt%, and preferably 0.1-8 wt%. If the proportbn is too small, the rad- 
ical polymerization rate (cure rate) of the resin composition may be lower, whereby fabrication may require a longer 
processing time or resolution may be decreased. On the other hand, if the proportion is too large, curing properties of 
the resin conrposition may be impaired or moisture resistance and heat resistance of the resulting three-dimensional 
5 objects m^ be adversely affected by excess polymerization initiator. 

Pptyol (E> 

[0052] The polyol fiaving three or more tiydroxyl groups is a conponent for developing the photo-curabilrty of the resin 
10 composition (herein also called "component (E)"^. The polyol provides assistance to the three-dimensional ot>iect to 
prevent deformation over time (Lfi.. shape stability) and resistance to diange in mechanical cfiaracteristics over time 
{l.e . , physical property stabiity). (over time). Preferably, tiie polyol used as component (E) has three or more, preferably 
3-6 hydroxyl groups. If polyols having less than three hydroxyl groups (Le., diol) are used, photo-curing characteristics 
can not t>e attained and the resulting three-dimensional object lacks tiie desired mechanical strength. On the other 
15 hand, if polyols having nrK>re than six hydroxyl groups are used, tiie elongation and toughness of the resulting three- 
dimensional object tends to t>e lower. 

[0053] Preferred examples of corrpounds useful as component (E) include polyether polyols having three or more, 
and preferably from 3 to 6 hydroxyl groups in a molecule. Use of poiyetfier polyols havirig less than three hydroxyl 
groups in a molecule (polyether diol) may result in insufficient photocurat)ility of the resin composition and decreased 
20 mechanical properties, in particular, low nrxxiulus of elasticity of the resulting tiiree-dimensional objects. On the other 
hand, if polyether polyols having more than six hydroxyl groups in a nrK>lecule are used, tfie resulting tive&dimensional 
objects may exhik>it insufficient elongation and decreased nmisture resistance. 

[0054] As ©camples of the component (E), polyether polyols obtained by nrxxfifying polyfiydric alcohols having more 
than three hydroxyl groups such as trimetfiyiotropane, glycerol, pentaerythritol, sorbitol, sucrose, and quadrol with 

25 cyclic etiier compounds such as ethylene oxide (EO). propylene oxide (PO), butylene oxide, and tetrahydrofuran can be 
given. Specific examples include EO-modified trimetiiylolpropanep PO-modified trimetiiylolpropane, tetrahydrofuran- 
modified trimelhylolpropane. EO-modified glycerol, PO-modified glycerol, tetrafiydrDfuran-modified glycerol, EO-nrxxii- 
fied pentaerythritol, PO-nrxxiified pentaerythritol, tetrahydrofuran-modified pentaerytiiritol, EO-modified sorbitol, PO- 
modified sortDitol, EO-nxxfified sucrose, PO-modified sucrose, EO-modified sucrose, EO-modified quadrol and the like. 

30 Of these. EO-moc&f ied trimelhylolpropane, PO-modified trimelfiylolpropane, PO-modified glycerol, PO-nrxxJified sortxtd 
are preferable as the component (E). 

[P055] TTie molecular weight of the polyether polyol (E) is preferably 100-2,000, and more preferably 160-1 ,000. If the 
molecular weight of the polyether polyol (E) is too small, form statxiity and physical stabitity of three-dimensional objects 
formed from the resin corrposition may k>e insufficient. On the other hand, If the molecular weight of the polyether polyol 
35 (E) is too large, increased viscosity of the resin conposition may give rise to lower modulus of elasticity of the three- 
dimensional ot)jecls formed by photofabrication. 

[0056] As examples of conrvnercially available products of polyether polyols used as tt>e conponent (E), Sunnix TP- 
400, GP-600. GP-1000, SP-750. GP-250, GP-400, GP-600 (manufactured by Sanyo Chemical Industries, Ltd.), IMP- 
3 Glycol. PlSlT-4 Glycol, EE>A-P-4, EDA-P-8 (manufactured by Nippon Nyukazai Ca. Ltd.). G-300. G-400, G-700, T-400. 
40 EDP-450, SP-600, SC-800 (manufactured by Asahi Denka Kogyo Co.. Ltd.). and the like can be given. 

[0057] These polyether polyols can be used either individually or in combinations of two or more as the conponent 
(E). 

[0058] The proportion of tiie component (E) used in the photocurat}le resin composition of the present invention is 
usually, relative to tiie total conposition, 5-35 wt%, preferably 7-30 wt%, arxJ more preferably 10-25 wt%. If tiie propor- 
45 Won is too small, insufficient pfxstocurability of the resin composition may result in decreased form stability arxi 
decreased physical stability of the resulting three-dimensional objects. On the otiier hand, if the proportion is too large, 
insufficient photocurabHity of the resin composition may give rise to lower nrxxJulus of elasticity for the resulting tiiree- 
dimensional objects. 

so fOotionalM Elastomer particles (F) having an average particle diameter of 10-700 nm 

[0059] The photocurat)le resin compositions of the present invention may optionally errploy elastomer particles 
(herein referred to as 'component (F)" or "particles (F)"). The elastomer particles {F) having an average partide diam- 
eter of 1 0-700 nm used for the photocurable resin composition of the present invention irxdude elastomer particles such 
55 as polybutadiene. polyisoprene. txitadiene/acrykxiitrile copolymer, styrene/txitadiene copolymer, styrene/isoprene 
copolymer, ethylene/propylene copolymer, etiiylene/a-olefin copolymer, ethylene/a-olefin/polyene copolymer, acrylic 
rubt)er, butadiene/(meth)acrylate copolymer, styrene/butadiene block copolymer, and styrene/isoprene t)lock copoly- 
mer, and core-shell particles obtained by coating tiiese elastomer particles witii methyl methaaylate polymer, metiiyl 
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methaaylate/glycidyl methacrylate copolymer, and the like.Crosslinldng structures may be introduced into these elas- 
tomer particles by using a comnrxxily used method. As examples of crossllnking agents used in such a method, divinyl- 
benzene, ethylene glycol di(meth)acrytate. diallylmaleate, triallylcyanurate, triallylisocyanurate. diallytphthalate, 
trimethylolpropane triacrylate. allyl methacrylate, and the like can be ^ven. 

[0060] Suitable elastomer particles suitably useful as component (F) include, for example, elastomer particles con- 
taining polybutadiene, pdyisoprene, styrene/butadiene copolymer, styrene/isoprene copolymer, ethylene/jpropylene 
copolymer, elhytene/a-olefin copolymer, ethyiene/a-def in4)olyene copolymer, acrylk; rubber, butadiene/(me1h)acrylate 
copolymer, styrene/txitadiene ttodk copolymer, and styrene/isoprene bkx4( copolymer as a base component. 
[0061 ] Suitable elastomer particles of the the core-shell type include, for ecample, elastomer partides in whk;h a par- 
tially crosslinked core of polytxjtadiene, polyisoprene, styrene/butadiene copolymer, styrene/isoprene copolymer, eth- 
ylene^ropylene copolymer, ethyier)e/a-oiefin copolymer, ethylene/a-oiefin/polyene copolymer, acrylic rutsber, 
bijtadiene/(meth)acrylate oopolymerp styrene/butadiene block copolymer, styrene/teoprene block oopotymer, and the 
IflsB is coated with methyl methaorytate polymer, methyl metfiacrylate/glyckiyi methacrylate copolymer, and the like. A 
ratio of a core radius to a shell thickness of the core-shell composite particles is usually from 1/2 to 1000/1 , preferably 
from 1 /I to 200/1 (for example, if the core radius is 350 nm and the shell thickness is 1 0 nm. the ratio is expressed as 
35/1). 

[0062] Of these elastomer particles, elastomer particles in which a partially crosslinked core of polybutadiene. 
polyisoprene, styrene/butadiene copolymer, styrene/isoprene copolymer, butadiene/(meth)acrylate copolymer, sty- 
rene/butadiene block copolymer, and styrene/isoprene bfock copolymer is coated with methyl methacrylate polymer, 
methyl methacrylate/glycidyl methacrylate copolymer are particularly preferable. 

[0063] These elastomer particles can be prepared by using a commonly used method such as an emulsion polymer- 
izatfon. The emulsion polymerizatfon can be carried by several (Afferent methods, for example, (i) polymerizing all the 
nfKXwmer component in one reaclfon; (ii) polymerizing part of a nrx>rKxner conrponent first, then continuously or inter- 
mittently adding the remaining part of the monomer component to polymerize; O'O polymerizing a rrx>nomer component 
while continuously adding the monomer component during polymerization; or fiv) polymerizing a morwmer component 
by using seed particles. 

[0064] An average particle diameter off the elastomer partk;ies thus obtained is 1 0-700 nm. If the elastomer partk;les 
having an average partk:le diameter of less than 10 nm are used, not only the resulting three<iimensional objects may 
exhibit decreased impact resistance but also productivity and accuracy of fat>rication of these objects may be adversely 
affected by increased viscosity of the resin composition. On the other hand, if the elastomer particles having an average 
particle diameter of more than 700 nm are used, the surface of the resulting three<Jimensional object may be rough or 
inaccurate fatxication may result. 

[0065] As examples of commercially available products of these core-shell elastomer partk;les. Reginous Bond RKB 
(manufactured by Reginous Chemical Industries Co.. Ltd.). Techno MBS-61, MBS-69 (manufactured by Techno Poly- 
mer Co., Ltd.). and the like can be given. 

[0066] These elastomer particles can t>e used either irxiivkiually or in combinations of two or more as the component 
(F). 

[0067] When elastomer particles are employed the proportion of tiie component (F) used in the pfiotocurable resin 
composition of the present invention is usually, relative to the total weight of the composition, 1 -35 wt%. more preferably 
3-30 wl%, and even more preferably 5-20 wt%. If the proportion is too small, tiie resulting ttiree<fimensk>nal objects 
may exhibit decreased impact resistance. On the other hand, if the proportion is too large, the resulting objects may 
exhitxt tow accuracy of fabrication. 

(Optionally) Epoxy-Branched Alicydto Compound (G) 

[0068] The photocurable resin compositions of the present invention may optionally employ a f urtiier type of cation!- 
cally polymerizat)le compound (herein referred to as "component (G)"). The cationically polymerizaWe compound (G) 
used in the photocurable resin composition of the present invention includes alicyclic compounds wherein at least one 
epoxy containing gmqp is bound to the alicydto group tiirough a single cartxxiK^rbon bond(herein referred to as "an 
epoxy-branched alicyclk; compound"). Preferal)ly, the attaching carbon from the epoxy containing group is one of the 
cartK>ns bound to the oxygen atom forming the epoxy group. More preferat)ly, the attached epoxy containing group 
includes a 1.2-epoxy wherein tiie oxygen bridges tiie terminal carbon and tiie immediately adjacent cart>on attached 
thereto, one of which I attached to a carbon from the alicycfic ring. Most preferably, the epoxy group is an epoxyethyl 
group. 

[0069] The alicyclic group of tiie alicyclic compound is furtiier preferably bound, via an oxygen atom link, to a residual 
group of an organb compound having a valency of from 1-100, preferaljly from 2-50, and more preferably from 2-30. 
Typically, the average valency is between 1.6 and 100. preferably, between 1.8 and 50. Preferably, the alrcydic com- 
pound win comprise at least 1 epoxy-branched alicyclic group and more preferably at least 2 epoxy-branched alrcyclic 
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groups bound via a bivalent oxygen to the organic compound residue. 

[0070] The precursor compound for the organic residue indudep for example, alcohols, phenols, carfooxylic adds, 
amines, thiols, and the like can be given. As examples of the alcohols, monohydric and polyhydric alcohols, lor example, 
aliphatic alcohols such as methanol, ethanol, propanol, butanol, pentanol, hexanol, and octanol. aronfiatic alcohols such 
5 as benzyl alcohol, and polyhydric alcohols such as ethylene glycol, diethylene glycol, triethylene glycol, polyethylene 
glycol, propylene glycol, dipropylene glycol. 1,3-txjtanediol. 1.44xrtanediolp pentanediol. 1p6-hexanediol. neopentyl gly- 
col, neopentyl glycol oxypivalate. cydohexanedimelhanol, glycerol, digl^oerol, polyglyoerol, trimethylolpropane. tri- 
methyiolethane, pentaerythritol, and dipentaerythritol can be given. 

[0071] As examples of the phenols, phenol, cresol, catechol, pyrogallol, hydroquinone. hydroquinone monomethyl 
10 ether, bisphenol A, bisphenol F, 4,4'-dihydroxybenzophenone, bisphenol S, phenol resin, and cresol ncvolak resin can 
be given. 

[P072] As examples of the carboxylic adds. Ibrmk; add, acetic acid, propionic add, butyric add, fatty add of animals 
and plants, fumaric add. maleic acid, adipic acid, dodecanoic diacid. trimeHitic add, pyromeHrtic add, polyacrytic add. 
phthalic acid, isophthalic acid, and terephthalic add can be given. A compound having both hydroxyl group and cartx>x- 
15 ylic add such as lactic add, citric acid, and oxycaproic acid can also t>e given as examples. 

[0073] Examples of the amines indude methyiamine, ethylamine, propylamine, butylamine, pentylamine, hexylamine, 
cydohexylamine, octylamine. dodecyiamine, 4,4'-<liaminodiphenytmethane, isophoronediamine. xylenediamine. dieth- 
ylenetriamine. triethylenetetramine. ethanoiamine. and the like. 

[0074] Examples of the tNols indude mercaptans such as methylmercaplan, ethylmercaptan, propylmercaptan. and 
20 phenyimercaptan, mercaptopropionic add or polyhydric alcohol esters of mercaptopropionic acid, for example, etfiyl- 
ene glycol dimercaptopropionate, trimethylolpropane trimercaptopropionate, and pentaerythritol pentamercaptopropi- 
onate.andthe Nke. 

[0075] As examples off the other precursor compounds, polyvinyl alcohol, partial hydrolysis product of polyvinyl ace- 
tate, starch, cellulose, cellulose acetate, celluk>se acetate txjtyrate. hydroxyethyl cellulose, acrylic polyol resin, styrene* 
25 allyl akx>hd copolymer resin, styrene-maleic add copdymer resin, alkyd resin, polyester polyol resin, polyester carbox- 
ylic add resin, polycaprolactone polyol resin, pdypropyiene polyol, polytetramethylene glycol, and the like can be given. 
[0076] The precursor organic compouridsrnay contain an unsaturated double IXHi^ 
off such compounds include allyl alcohd, acrylic acid, methacryiic acid, arxi the like. 

[0077] Preferat)ly. the residual organic group will be linked via an oxy group to at least one, preferably at least two, 
30 epoxyalkyl-branched cyck>alkyl (or epoxyalkylcycloalkyi) groups. More preferat^ly, the epoxyalkyk;yck>alkyt group will 
include those wherein the cydoalkyt group is additionally oxy sutsstituted, preferably hydroxy sutsstituted, which may be 
referred to as an oxy-substituted (epoo^lkyi-tMranched) cydoalkyl. Preferak)ly, the alkyi groups include lower alkyls 
conrprising eight or less cartxHi atoms. Preleraksly, tffie epoxyall^ win comprise 2 cartxxi atoms and the cyck}alkyl will 
comprise from 5 to 6 cartx>n atoms. Preferred epoxyalkyi-t>ranched cydoalkyt groups indude hydroxyepoxyethylcy- 
35 ck>hexyt groups, for example, a 1-hydraxy-3-(1 ,2-epaxyetfiyl)cydohexyl grotp wherein epoxy-branched alk^ydic conn- 
pounds tiaving a [(1 ,2-epoxyethyl)cydohexytene]oxy group at a terminal t>eing particulariy preferred. 
[0078] The mdecular weigtit of the epoxy-branched aircydk; compound (G) is t)etween 120 and 10.000. preferably 
between 150 and 5,000, more preferably between 180 and 2.000. 

[Q079] Suitable epoxy-branched alk^ydk; compounds (G) indude, for example, those derived from trimethylolpropane. 

40 etherified with (a4bfC)1-hydroxy-3-(1 ,2-epoxyethyl)cydohexyt groups, wherein a. b and c are integers from 0-15 indi- 
vidually, provided that a-ib4C = 15. and compounds derived from dpentaerythritd etherified with (a-FbH>Ki-i-eff) epoxy- 
branched 1-hydroxy-cydohexyl groups can be given, wherein the epoxy group indudes 1 .2-epQxyethyl arxJ a, b, c, d, e, 
and f are integers from 0-18, provided that a-i-b + c-i-d-i-e+f = 18, and compounds derived from pentaerythritol etti- 
eriffied with (a4b4C«d) epoxy-branched 1 -hydroxycydohexyl groups can be given wherein a. b. c and d are integers from 

45 0-16 individually, provided that a-Kb+04d = 16, and compounds derived from ethylene glycol etffierified with (a+b) epoxy- 
txanched 1 -hydroxycydohexyl groups can be given, wherein a and b are integers from 0-20 individually, provided that 
a4b = 20. 

[0060] Commercially available products of ep(»^-branched aiicydic compounds (G) EHPE3150 (manufactured l3y 
Daicel Chemical Industries, Ltd.). as described in US. Patent 5.827,575. Ifie entire di5ck)6ure of which is hereby incor- 
50 porated by reference. 

[0081] Component (G). when employed in the photofabrication composition of the present invention, may include a 
single type of the epoxy-branched aiicydic compound or comt^inations of two or more. 

[0082] The proportk)n off the epoxy-branched aiicydic compound (G) used in the photocurable resin composition of 
the present invention is usually, relative to the total weight off the composition. 2-45 wt%, preferably 5-40 wl%, and par- 
55 ticularly pref eral)ly 1 0-35 wt%. If the proportion is too small, heat resistance and fabrication of the resulting three-dimen- 
sional objects are insufficient. On the other hand, if the proportion is too large, increased viscosity of the resin 
conrpodtion gives rise to inferior f^rkation of the resulting dbjects. 
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Additional Optional componerrt 

[0063] The photocurabie resin composition of the present invention may additional contain optional components such 
as photosensitizers (polymerization accelerator) and reactive diluents other than the above indispensable components 

5 (A)-(G) insofar as the effect of the present invention is not impaired. 

[0084] As examples of photosensitizers, amine compounds such as triethanolamine. methyldiethanolamine, triethyl- 
amine, and diethylamine, thioxanethone, derivatives of thioxanethone, anthraquinone, derivatives of anthraquinone, 
anthracene^ derivatives of anthracene, perylene, derivatives of peryfene, benzophenone, t)enzoin isopropyl ether, and 
the like can k>e given. As examples of reactive diluents, vinyl ethers, vinyl sulfides, vinykirethanes, urethane acrylates, 

10 vinylureaSp and the like can be given. 

[0065] Various additives may be added to the photocurabie resin composition for photofabricatk>n of the present 
invention as other optional components inasmuch as the object and the effect of the present invention are not adversely 
effected. Examples of such additives include polymers or oligomers such as epoxy resin, polyamkJe, polyamideimide, 
polyurethane. polytx/tadiene, polychbroprene. polyether, polyester, styrene-butadiene bkx:k copolymer, petroleum 

IS resin, xylene resm, ketone resin, cellulose resin, fluorine-containing oligomer, silicone-containing oligomer, and 
polysuK ide oligomer, polymerization inhibitors such as phenothiazine and 2,6-di-t-butyl-4-methylphenol, polymerization 
initiation adjuvant, leveling agents, wettability improvers, surfoctants. plastictzers, UV absorbers, silane coupling 
agents, inorganic ffllers, pigments, dyes, and tiie like. 

[0086] The photocurabie resin conrfx>sition of tiie present invention can be prepared by mixing tiie akx3ve components 
20 (A)-(E)and optk>nally (F) and/or (G) homogeneously together witii any additional optional components, as required. 
[0087] Viscosity of the photocurabie resin composition at 25^*0 is preferakrfy 50-2,000 cps, and more preferably 70- 
1.500 cps. 

[0088] A cured photofatxication corrposition of tiie present invention preferably has high impact strength. Preferat)ly. 
the cured composition of ttie present invention will have an impact strengtii of at least 3.5 Kg-cnVcm^, in particular an 
25 impact strength of at least 4.0 Kg-cm/bm^, and more particularly 4.5 l^hcm/bm?. as measured in accordance witii the 
Izod Impact Strength test set forth in the Examples. 

Pholpfabricatpn of three-dimensional obiegfe 

30 [0089] The atx>ve-described photocurak)le liquid resin composition of tfie present invention can t>e suitably used as a 
photocurabie liquid resin material used in the photolabrication of three-dimensional objects. The three<iimensk)nal 
objects can be fabricated from the photocurabie resin composition of the present invention tiy tiie photolabr icatkxi proc- 
ess, wherein energy required for curing is provided for the composition by selective exposure to radiation such as visUe 
rays, ultraviolet rays, and infrared rays. 

35 [0090] There are no specific limitations to the means of selectively irradiating the photocurabie resin composition. 
Examples of such means Include: irradiating tiie composition by scanning witii laser k>eams or focused rays converged 
by lenses or mirrors; irradiating the composition with unfocused rays via a mask having a phototransnnission portion 
witii a specified pattem; and irradiating tiie composition by using a photooonductive material consisting of bundled mul- 
tiple optical ftk)ers, wherein the composition is inadiated via specif k; optical f it>ers corresponding to the specified pattem 

40 of the photo-conductive material. In the atxTve means utilizing a mask, a mask whk;h electrooptically forms a mask 
image consisting of a photo-transmissk)n area and a non-ptK>totransmissk>n area according to a specified pattern by 
the same theory as tfiat of liquid crystal display can be used. If microfat>rication or fiigher dimensional accuracy is 
required Ibr ot)jective threedimenskmal objects, it is preferat)le to empk)y the means comprising scanning witii laser 
t>eams having a small spot diameter as the means of selectively irradiating the composition. 

45 [0091] The irradiated surface of the resin corrposition in a vessel (for example, scanning plane of focused rays) may 
t>e the liquid surface of the resin composition or the surface of the tx>undary of the resin composition witii tiie wall of the 
vessel. In this case, the composition can be exposed to rotation either directiy or indirectiy via the wall of the vessel. 
[0092] In the akXDve-described photofabrKation of tiiree-dimensional objects, after a specified area of the resin com- 
position has been cured, an objective thre&dimensional shape is usually fat)ricated by laminating the cured areas by 

so continuously or gradually moving the irradiation spot (irradiation surface) from the cured area to the uncured area. Here, 
the irradiation spot can be moved by, for example, moving any one of a ligfit source, the vessel of tiie resin composition, 
and the cured area of the resin composition, or additionally providing the resin composition in the vessel. 
[0093] A typk^l example of the above photofabrication of three<limenskxial objects will be described b^low. First, in 
a vessel equipped witii a support stage arranged to optionally rise and fall, a thin layer (1) of the resin composition is 

55 formed over tiie support stage by slightiy lowering (submerging) the support stage below the liquid surface of tiie resin 
composition. This thin layer (1) is selectively irradiated to form a cured solid resin layer (1). The photocurabie resin com- 
position is provided over this cured resin layer (1) to form a thin layer (2). This thin layer (2) is then selectively inradtated 
to form a new cured resin layer (2) integrally laminated over the cured resin layer (1). By repeating tiiis process certain 
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times using the same or different Irradiated patterns, the three-dimensional object consisting of an integrally-laminated 
plural cured resin layer (n) can be formed. 

[0094] The resulting three-dimensional object is then removed from the vessel. After the residual unreacted resin 
compositions remaining on the surface are removed, the object is optionally washed. As washing agents, alcohol 
5 organic solvents such as isopropyl alcohol and ethyl alcohol* ketone organic solvents such as acetone, ethyl acetate, 
and methyl ethyl ketone, aliphatic organic solvents represented by terpenes, and a low-viscosity heat-curable or photo- 
curable resin can be given. 

[0095] If three<limensional objects having a smooth surface are required, it is preferable to wash the objects using 
the atx3ve heat-curable or photo-cural)le resin. In this case, in accordance with the types of curable resins used for 
10 washing the object, postcuring by using heat- or photo-irradiation may be required. In addition, since not only the resins 
on the surface of the object but also the unreacted resin compositions remaining inside the three-dimensional objects 
can be cired by the postcure. it is also preferable to carry out the postcure after the objects are washed with the organk: 
solvents. 

[0096] The three-dimensional objects thus obtained exhibit excellent mecfiank:al strength, high dimensional accuracy, 
IS and superior heat resistance. Moreover, said three-dimenskxial objects excel in form stability and physk:al stability, 
wheret>y the objects exhi>it superior impact resistance and higher folding endurance when used as prototypes for 
mechantoal parts. 

[0097] Furthermore, in order to improve surface hardness and heat resistance of the three-dimensional ok>jects, it is 
preferable to coat the sur^ce of the objects with heatcurat>le or photocurable hard coating materials after washing the 
20 object. As these hard coating materials, organk; coating materials such as acrylic resin, epoxy resin, and silicone resin 
or inorgank; hard coating materials can be used. These hard coating materials can be used either indivklually or in com- 
binations of two or mora 
t 

Utility 

25 

[0098] As described abwe, the composition of the present inventbn can t>e suitably used for photofabricatbn of 
three-dimensk)nal objects. Moreover, owing to excellent mechanical strength of the resulting cured product, the com- 
position of the present invention is useful as a coating material for plastrcs, various films, wood, ceramic wares, glass, 
communk^tions quartz fibers, papers, metals, cans for drinK fbers. and the like, a resin for photofabrk;ation of three- 
30 dimensKKial ot^jects, sealing agents or adhesives for semi-conductor devices, underfilling agents, adhesives for optk»! 
materials, printing board materials, and the like. 

Examples 

35 [0099] The present inventbn will now be descrit)ed in detail k)y way of examples, wNch should not be construed as 
limiting the present inventk>n. 

Example 1 

40 [01 00] According to the formulations of Table 1 , a vessel equipped with a stirrer was charged with 30 parts t}y weight 
of 3.4-epoxycyclohexylmethy}-3\4'-epoxycyclohexanecartx2xylate "UVR-6110" (manufactured by Union Carbkle Corp.), 
5 parts by weight of l>is(3.4-epoxycyclohexylmethyl)adipate "UVR-6199'' (manufactured by \Jn\m Cartwde Corp.), 3 
parts by weight of 1.6-hexanediol diglyckJyl ether "l^ite 1600" (manufactured by Kyoeisha Chemkal Co.. Ltd.). 2 
parts by weight of triarylsulfoniumhacaf kjoroantinx>nate "UVI-6974" (manufaclured by Unkxi CartMde Corp.). 25 parts 

45 by weight of trimetfiyk>lpropane trfacrylate "Viscoat 295" (manufactured t>y Osaka Organk: Chemical Industry Co. , Ltd.), 
4 parts by weight of 1 -hydroxycyck)hexylphenyl ketone "Irgacure 1 84" (manufactured by Ciba Specialty Chemicals Co., 
Ltd.). 15 parts t>y weight of PO-nxxlified glycerol "Sunnix GP-400" (manufactured by Sanyo Chemical IrxJustries, Ltd.), 
and 16 parts by weight of core-shell elastomer parlk^ies (core: partially crosslinked styrene/butadiene copolymer, shell: 
methyl methacjyfate/iglyck^ methacrylate) having an average particle diameter of 50 nm "Reginas Bond RKB" (manu- 

50 factured by Reginous Chemk^al Industries Co.. Ltd.). The mixture was stirred for three hours at eC'C to obtain a Ik^uki 
composition (the resin composition of the present inventkxi). Viscosity of the resulting Tiquid composition at 25''C meas- 
ured by using a BrookfiekJ type viscometer was 820 cps. 

Examples 2-7 

55 

[01 01 ] Uquid compositions (tiie photocurable resin compositions of the present invention) were obtained in the same 
manner as in Example 1 except for changing the formulations of components (A)-(F) as shown in Table 1 . Viscosity of 
each resulting liquid composition at 25''C measured by using a Brookfiekl type viscometer is shown in Table 1 . 
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Ck)mparative Examples 1-2 

[0102] Liquid compositions (photocurable resin compositions for comparison) were oi^talned in the same manner as 
in Example 1 except for changing the formulations of each component as shown in Table 1 . Viscosity of each resulting 
5 liquid composition at 25**C measured by using a Brookf ietd type viscometer is shown in Table 1 . 
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10 



15 



1) UVR-eilO (manufactured by Union Caurbide Corp.) 

2) 17VI-6199 (manufactured by Union Carbide Corp.) 

3) Epolite 1600 (manufactured by Ryoeisha Chemical 
Co., Ltd.) 

4) Epolite 150 ONP (mctnufactured by Ryoeisha Chemical 
Co., Ltd.) 

5) UVI-6974 (manufactured by Utiion Carbide Corp.) 

6) Viscoat 295 (manufactured by Osaka Organic Chemical 
Industry Co. , Ltd. ) 

^ 7) irgacure 184 (manufactured by Ciba Specialty 

Chemicals Co. , Ltd. ) 

8) Stinnix 6P*400 (manufactured by Sanyo Chemical 
Industries , Ltd . ) 

9) ReginouB Bond RKB (manufactured by Reginous 
Chemical Industries Co . , Ltd . ) 

10) particles prepared by emulsion polymerization 



25 



30 



35 

[0103] As shcfwn in Table 1 , the viscosity of the resin compositions of Examples 1 -7 were found to be suitable for the 
photoiEdxication of three<Bmensional ol:4ects. 

Ev^lM^QH qf phptQWrat?!? rggin ppmpositiQn 

40 

[01 04] Each phOftocurat>le resin composition obtained in Examples 1 -7 and Comparative Examples 1 -2 was cured by 
using an Ar laser. Curability of these compositions were evaluated according to the method described below. The 
results are shown in Table 2. A modulus of elastidly, its variation with time, and deformation with time of the resulting 
cured products were measured by using a method described below. The results were shown in Table 2. Moreover, Izod 
45 impact strength and folding endurance of the cured products were measured by using a method described befow. The 
results are shown in Table 2. 

Evaluation of curability by Ar laser 

50 [0105] A minimum energy value at which the resin compositions cured was measured t>y selectively irradiating the 
photocurable resin compositions with a laser beam. In this measurement, a photofabrication apparatus "Solid Creator 
JSO2000'' (manufactured by SONY CORP.) equipped with an Ar ion laser (wavelength: 351 nm, 365 nm) as a light 
source was used under the following conditions: laser spot diameter at the in-adiated surface (liquid surface): 200 pxn; 
laser power: 100 mW; scanning speed: from 100 mm/second to 1.000 mm^second. A resin exhitxting a smaller mini- 

55 mum energy value was determined as a resin having higher curability. According to the minimum energy values, cura- 
bility of tiie resin compositions obtained in Examples and Comparative Examples was rated as excellent, good, or bad. 
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Measurement of modulus of elasticity. Transparency and its variation wrth time 

(1) Preparation of test specimen 

5 [0106] The compositions were applied on a glass plate using an applicator to form a coating film witii a thickness of 
200 |im. The surface of the coating film was irradiated with ultraviolet rays at a dose of 0.5 J/cm^ using a conveyer cur- 
ing apparatus equipped with a metal haiide lamp to prepare a semi-cured resin film. TTie semi-cured resin film peeled 
from a glass plate was put on a releasat)le paper. The semi-cured resin flm was then in'adiated with ultraviolet rays at 
a dose of 0.5 J/cm^ to the surface opposite to the first irradiated surface to form a cured resin film. 

10 [01 07] The cured resm film thus obtained was allowed to stand under the following conditions to prepare test speci- 
mens 1 and 2. 

Test specimen 1 : Conditioned at a constant temperature of 23°C and a relative humidity of 50% lor 24 hours. 
Test specimen 2: Conditioned at a constant temperature of 23''C and a relative humidity of 50% for 30 days. 

15 

(2) Measurement 
Transparency 

20 [01 08] Transparency of the test specimen 1 was evaluated with the naked eye. 

[01 09] Modulus of Elasticity A modulus of elasticity (drawing speed: 1 mm/min, bench mark distance: 25 mm) of each 
test specimen 1 (for measurement of initial value) and 2 (for measurement of variation with time) was measured at a 
constant temperature cf 23''C and a relative humidity of 50%. 

2S Deformation with time 

(1) Preparation of test specimen 

[0110] A cured resin layer (thickness: 0.20 mm) was formed t>y selectively irradiating the photocurat)le resin compo- 
se? sitions with a laser beam using Solid Creator JSC-2000. The surface(liquid surface) was irradiated using a laser beam 
with a power of 100 mW at a scanning speed so tfiat cure depth of each composition was 0.3 mm. By repeating this 
step, a measurement model (hereinafter called "Warping modeT) as shown in Rgure 1 was formed. This warping nxxlel 
was then removed from the photofabrication apparatus. The resin composition adhering to tfie surface of the warping 
model was wiped off and excess resin composition was removed from the model by washing witii a terpene solvent 

35 

(2) Measurement 

[0111] As shewn in Figure 2, a leg 11 of the resulting tiire&<limensional warping model lOwasfixedtoafiorizontal 
stand 20 as shown in Figure 2. A distance (uplifting) between the horizontal stand 20 and the bottom end of a distal leg 
40 12 was determined as warping (initial ym\ue) . 

[01 1 2] The warping nrxxiel was then conditioned at a constant temperature of 23''C and a relative humidity of 50% for 
30 days. The warping amowt of this warping nxxlel was measured in the same manner as descrbed atx>ve. The defor- 
mation with time of the compositions was determined by comparing tiie newly measured value with the initial value and 
rated as excellent, good, or bad in the order of the increasing warping anrKXjnt 

45 

Measurement of im pact strength 

(1) Preparation of test specimen 

so [0113] A cured resin layer (tiiickness: 0.20 mm) was formed by selectively irradiating the photocurable resin compo- 
sition with a laser beam using Solid Creator JSC-2000. The sur1ace(lK|uid surface) was irradiated using a laser beam 
with a power of 100 mW at a scanning speed so that cure depth of each composition was 0.3 mm. By repeating tN's 
step, test specimens according to J IS K71 10 were formed. 

55 (2) Measurennent 

[P114] The test specimens were conditioned at a constant temperature of 23''C and a relative humidity of 50% for 
about 24 hours. Izod impact sti-ength of tiie test specimens was measured according to JIS K71 10. 
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Test of foldinQ endurance 

(1) Preparation of test specimen 

5 [01 1 5] The compositions were applied on a glass plate using an applicator to ibrm a coating film with a thickness of 
200 fim. The surface of the coaling film was infadiated with ultraviolet rays at a dose of 0.5 J/cm^ using a conveyer cur- 
ing apparatus equipped with a metal halide lamp to prepare a semi-cured resin film. The semi-cured resin film peeled 
from a glass plate was put on a released paper. The opposite surface of the first irradiated side of the semi-cured resin 
film was then irradiated with ultraviolet rays at a dose of 0.5 J/cm^ to form a cured resin film. 

w 

(2) Measurement 

[01 1 6] The test specimen was conditioned at a constant temperature of 23*'C and relative humidity of 50% for about 
24 hours. The test specimen was repeatedly folded at 60 times per second with a constant load of 100 g using an MIT 
15 folding endurance tester. Folding erxiurance of test specimens was evaluated by the number off times of the test spec- 
imen was folded before the test specimen breaks. In the case where the nunft>er was 30 or more the result was rated 
as good, in the case where the nunrter was less than 30 the result was rated as bad. 

Evaluation of accuracy of fabrication 

20 

[01 1 7] Accuracy of fabrication of three-dimensional otijects was evaluated by measuring the dimensions of the three- 
dimensional otijeds formed from each liqiid resin. 

(1) Formation of three-dimensional object 

25 

[0118] H-shaped three-dimensional objects as shown in Figure 3 were formed by using Solid Creator JCS-2000 
according to the folkywing conditions. 

[0119] These three-cfimensional objects were conditioned at a constant temperature of 23*^ and under relative 
humidity of 50% for akx>ut 24 hours. 

30 

F^ty'ication conditions 

[0120] The three-dimensional objects were formed under the same conditions as in the above-descrt)ed preparation 
of the test specimens for evaluation of deformation witii time (laser t>eam intensity at the liquid surface: 100 mW, scan- 
35 ning speed: an optimum scanning speed at wfiich cure deptfis of each composition were 0.30 mm, thk;kness of cured 
resin layer: 0.2 mm). 

(2) Measurennent of dimensk>nal accuracy of three-dimensk>nal ot)ject 

40 [0121 ] Dimensions A. B, and C, which are shown in Figure 3. of ttie resulting three-dimensional objects were meas- 
ured by using a 0.01 mm graduated caliper. The dimensional deviations of A, B, and C were determined according to 
the following formulas (I) and (II). 

Dimensional difference between A and B - (A-B) (I) 

45 

Dimensional difference between C and B = (C-B) (II) 

[01 22] The results of evaluation were rated as follows. 

so " at)Solute values of dimensional differences both t)etween A and B and t>etween C arxJ B were less than 0.1 mm: o 
one of the at)6olute values of dimensional differences between A and B and between C and B was less than 0.1 
mm and the other was between 0.1 and 0.19 mm: O 

absolute values of dimensional differences tx>th between - A and B arxJ t>etween C and B were between 0.1 and 
0.19 mm: A 

55 - one of tiie absolute values of dimensional differences between A and B and between C and B was 0.2 mm or more 
or no tiiree-dimensional ofc>ject was formed: X 
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[0123] As shown in Table 2, each cured prockict formed from the compositions obtained in Examples 1-7 exhibited 
high accuracy of fabrication, high modulus of elasticity, and excellent stability with time. Superior form stability of the 
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cured products formed from the compositions was esrident from small deformation (warping) caused by shrinkage dur* 
ing curing. Moreo^n these cured products exhbited excellent inrpact resistance and high folding endurance. 
[0124] The cured product formed from the composition of Comparative Example 1 in which the component (F=) was 
not t>lended exhibited inferior impact resistance and insufficient folding endurance. No three<limensional object was 
5 formed from the compositfon of Comparative Example 1 in which the component (A) was not blended because of insuf- 
ficient curability. In spite of sufficient viscosity of the cured product no three-dimensional object was formed from the 
composition of Comparative Example 2 in which the component (C) was not blended. 

Exanrples 8-14 

10 

[01 25] According to the formulations of Table 3. transparent liquid compositions (the photocurable resin compositions 
of the present invention) were obtained in the same manner as in Example 1 except for varying the blend of the com- 
ponents (A)-(F) and adding optfonal components. Viscosity (25^C) of each resulting i'quid conrposition measured by 
using a Brookfield type viscometer is stiown in Table 3. 

ComparatiYe Examples 3-5 

[01 26] According to the formulations of Table 3, transparent liquid compositions (photocurable resin compositions for 
comparison) were obtained in the same manner as in Exanrple 1 except for varying the tA&nd of each component Vis- 
20 cosity (25^) of each resulting liquid composition measured by using a Brookfield type viscometer is shown in Table 3. 
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(Note) 

1) "UVR-eilO" (manufactured by Union Carbide Corp.) 

2) ''UVl-6199'' (manufactured by Union Carbide Corp.) 

3) ''UVI-6974" (manufactured by Union Carbide Corp.) 

4) ^Viscoat 295^^ (manufactured by Osaka Organic Chemical 
Industry Co., Ltd.) 

5) ^Viscoat 300' (manufactured by Osaka Orgatnic Chemical 
Industxy Co . , Ltd. ) 

6) ""DPHA* (manufactured by Nippon Kayaku Co., Ltd.) 

7) *»lrgacure 184' (manufactured by Ciba Specialty 
Chemicals Co., Ltd.) 

8) ^'Sunnix GP-400'' (manufactured by Sanyo Chemical 
Industries , Ltd . ) 

9) ""Reginous Bond RKB' (manufactured by Reginous Chemical 
Industries Co., Ltd.) 

10) particles prepared by emulsion polymerization 

11) ""Bpolite 150 ONP' (manufactured by Kyoeisha Chemical 
Co., Ltd.) 

12) ""Epolite 4000' (manufactured by Kyoeisha Chemical Co., 
Ltd.) 



[01 27] As shown in Table 3. the compositions obtained in Examples 8-14 had a suitable viscosity as the resin com- 
position Ibr photofabrication of three<fimensional objects and were tested, in accoidance with the tests set forth above 
for Exannples 1 -7, and the results are presented below in Table 4. 
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[0128] As shown in Table 4, the cured products formed from the compositions obtained in Examples 8-14 exhibited 
high accuracy of fabrication, high modulus of elasticity, and excellent statxlity with time. Superior form stability of the 
cured products formed from the compositions was evident from small deformation (warping) caused by shrinkage dur- 
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ing curing. Moreover, these cured products exhibited excellent impact resistance and high folding endurance. 
[0129] Comparative Example 3, in which the component (A) was not blended and the component (C) was blended in 
the proportion greater than specified. Moreover, in the evaluation of the cured film, since the film prepared from the 
composition was brittle, a modulus of elasticity and folding endurance could not t>e measured. 
[0130] Similar to the composition of Comparative Example 3. no three<limensional object was formed from the com- 
position of Comparative Example 4. in which the component (A) was not blended, due to insufficient curability. A mod- 
ulus of elasticity and fofcfmg endurance could not be measured since the film prepared fixvn the composition was Ixitfle. 
[01 31 ] Although the composition of Comparative Example 5, in which the component (C) was not blended, exhibited 
good folding endurance, no three-dimensional object was formed from the composition fc>ecause of inferior curat>ility. 

Exarnptes 15-18 

[0132] Transparent liquid compositions (the photocurable resin compositions of the present inventfon) were obtained 
In the same manner as in Example 1 except for the alteration of the formulations of the conponents (A)-(E) & (G) 
according to Table 5. 

Comparative Examples 6-7 

[01 33] Transparent liquid compositions (photocurable resin compositions for comparison) were obtained in the same 
manner as in Example 1 except for the aHeration of the fomulations of each component accoiding to Table 5. 



Tables 





Examples 


Comparative Examples 




15 


16 


17 


18 


6 


7 


3,4*epoKycyciohexyimethyl-3,4-epoxycycloh6xanecartx»cy- 
late *1 (component A) 


68 


58 


44 


63 


68 


66 


TriallylsuHbniumhexaf luoroantimonate *2 (component B) 


2 


2 


2 


2 


2 


2 


Trimethylolpropane triacrylate *3 (component C) 


10 


10 


10 


5 




10 


1-hydroxycyclohexyfphenyl ketone ''4(component D) 


2 


2 


2 


2 


2 


2 


PO-nrxxiified glyceiol *5 (component E) 


8 


8 


8 


8 


8 




EHPE3150 *6 (component G) 


10 


20 


34 


20 


20 


20 



*1 Sunnix GP-250 (manufactured by Sanyo Chemical Industries, LU.) 

"2 EHPE3150 (manutactured by Daicel Cheniicai Industries, Ltd.) 

*3 UVR-6110 (manutectured by Union Caibide Corp.) 

*4 UVI-6974 (manufactured by Union Carbide Corp.) 

*5 Viscoal295 (manufactured by Osaka Organic Ctiemical industry Ca, Ud.) 

'6 Irgacure184 (manufactured by Ciba Specialty Chemicals Co., Ud.) 

Evaluation of photocurable resin composition 

[0134] Photocurabilrty of the photocurable resin compositions obtained in Examples 15-18 arxl Comparative Exam- 
ples 6-7 and heat resistance and accuracy of fabrication of the three-dimensional ot)jects formed from ttiese composi- 
tions were evaluated according to the foHowIng evaluatkxi m^fiods. The results are shown in Tat>le 6. 

Photpcurability 

[0135] Each composition was Irradiated by using a photofatxicatbn apparatus "Solid Creator JSC-2000'' equipped 
with an argon ion laser (wavelength: 351 nm. 365 nm) (manufactured by SONY CORP.) as a light source. TTie laser 
beam was irradiated so that the intensity of the laser beam was 1 00 mW at the liquid surface while altering the scanning 
speed. The scanning speed when the thickness of the cured layer (hereinafter called "cure depth") was 0.3 mm (this 
speed is refen-ed to as "optimum scanning speed") was determined. Evaluation of photocurability of the compositions 
was as follows. 
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- optimum scanning speed was 20 cm/second or more: "Q" 

- optimum scanning speed was 5-20 cmfeecond: "A" 

- optimum scanning speed w^ 5 cm/second or less or cured layer was not fonned: "X* 

5 Heat^tetpmiation temperature 

[0136] Three-dimensional objects (length: 120 mm, width: 1 1 mm, thickness: 4 mm] were ibrmed from each conpo- 
sition t3y using the above phololabrication apparatus according to the following conditions (1)-(3). 

10 (1) intensity of laser beam at the liquid surface: 100 mW 

(2) scanning speed: optomim scanning speed at which the cure depth of each composition was 0.3 mm 

(3) thickness of cured resin layer: 0.2 mm 

[01 37] The resin compositions adhering to the surlace of the resulting three-dimensional objects were wiped off and 
IS the objects were washed with a solvent. The objects were then annealed using a heating oven for about two hours at 
100^C to prepare test specimens used for measuring the heat-deformatfon temperature. 

[0138] The heat-deformatfon temperatures of the test specimens thus prei»red were measured according to JIS 
K7207A. 

20 Evaluation of accuracy of fabricaHon 

[01391 As discussed above with respect to Examples 1 -14. 

[0140] As shown in Tattle 6, the resin compositfons obtained in Examples 15-18 exhifc>ited superior curability, higher 
heat-deformation temperature, and higher accuracy of fat>rk:at]on. With respect to the resin compositfons of Compara- 
25 tive Examples 6 and 7. fow curabifity of the compositions resulted in insufficient three-dimensional objects. 



Table 6 
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Comparative Examples 
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Heat-detomnatfon temperature (**C) 


120 


128 


135 


125 






Accuracy of fabrication 
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X 
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Effect of the inventipn 

40 [01 41 ] The cured product formed from the photocurable resin composition of the present invention exhit»ts small var- 
iation of mechanical properties with time, small deformation with time (warping), increased mechanical strength, high 
dimensfonal accuracy, and superior heat resistance. Said cured product can be used as three-dimensfonal objects, for 
example, a prototype of mechanical parts to whfoh superior toughness such as high impact resistance and excellent 
folding endurance is required. 

46 

Claims 

1 . A photocurable resin composition comprising: 

so (A) a cationically polymerizable organic compound; 

(B) a cationk; photopolymerization initiator; 

(C) an ethylenically unsaturated monomer; 

(D) a radical photopolymerization initiator; and 

(E) apolyol. 

55 

2. The photocurable resin composition according to claim 1 , wherein the composition comprises, 
relative to the total weight of the compositfon. 
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20-85 wr% component (A), 
5-45 wt% component (C), and 
5-35 wt% component (E). 

5 3. A photocurable resin conrposition according to any one of claims 1-2. wherein said component (A) comprises at 
least one compourxJ having two or more alicyclic epoxy groups. 

4. A photocurat)le resin composition according to any one of claims 1 -3, wherein component (C) comprises at least 
one polyfuncbonal ethylendally unsaturated monomer. 

10 

5. A photocurable resin composition according to any one of claims 1 -4. wherein component (E) comprises at least 
one polyether polyol having 3-6 hydroxyl groups. 

6. The pho1ocurat)le resin corrposition according to claims 1-5. wherein said composition further comprises elas- 
15 tomer particles. 

7. The pholDCurabie resin corrpositjon according to claim 6. wherein said elastomer particles have an average parti- 
cle diameter of 10-700 nm. 

20 8. A photocurable resin composition according to any one of claims 6-7. wherein the elastomer particles include core- 
shell particles. 

9. A photocuratrie resin composition according to any one of claims 6-8. wherein the elastomer particles include 
polytxitadiene. polyisoprene, styrene/butadiene copolymer, styrene/isoprene copolymer, ethylene/propylene copol- 

2S ymer. ethylene/olefin copolymer. e1hylene/olelin/ix)lyene copolymer, acrylic rubber. butadiene/(meth)acrylate 
copolymer. styreneA>utadiene block copolymer, or styrene/isoprene block copolymer. 

10. A photocurable resin composition according to any one of claims 6-9. wherein the elastomer particles include at 
least one core-shell particle having a partially crosslinked core comprising pdybutadiene. polyisoprene. sty- 
da rene/txitadiene copolymer, styrene/isoprene copolymer, t)utadiene/(meth)acrylate copolymer. styreneAxrtadiene 

block copolymer, or styrene/isoprene t>lock copolymer; and a shell comprising a methyl methacrylate polymer, 
methyl methacrylate/glycidyi copolymer, or methacrylate copolymer. 

11 . A photocurable resin composition according to any one of claims 1 -1 0, wfierein said composition further comprises 
35 an epoxy-branched alicyclic compound (G). 

12. A photocurat)le resin composition according to daim 11, wherein said epoxy-kxanched alicyclic compound (G) 
comprises at least 2 epoxy-branched alicyclic groups. 

40 13. A photocurable resin composition according to any one of daims 11-12. wherein said epoxy-branched alicyclic 
compound (G) comprises an epoxyethyl group. 

14. A ptiotocuratsle resin composition according to any one of daims 11-13. wherein said epoxy-branched alk:yclic 
compound (G) comprises a resklue of an organic compound having a valency of from 1-100. 

45 

15. A photocurable resin composition according to any one of daims 11-14. wherein said epoxy-branched alicyclic 
corrpound (G) comprises a resklue of an organic compound linked via an oxy group to at least one epoxyalkyl- 
branched cycloalkyi group. 

so 16. A photocurat)le resin composition according to any one of daims 11-15, wherein said epoxy-branched alicydic 
compound (G) comprises an epoxyalkyl-branched cycloalkyi group that is hydroxy sut)strtuted. 

17. A photocurable resin composition according to any one of daims 1 1-16. wherein said epoxy-branched aricyclic 
compouTKl (G) indudes a hydroxyepoxyethyteydohexyl ^oup. 

55 

18. A photocuratsle resin composition according to any one of daims 11-17. wherein said epoxy-branched alicyclic 
compound (G) indudes a 1 -hydr€Ky-^-(1 .2-epoxyethyl)cydohexyl group. 
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19. Process for the preparation of a resin-based moid comprising the steps of: 

forming a layer of the photocurable resin composition according to any one of claims 1-18; 
selectively irradiating the layer to form a cured resin layer; 

applying a further layer of the photocurable resin composition according to any one of claims 1-18; 
selectively curing the further l^er to form a further cured resin layer; and repeating the applying and curing 
steps a plurality of times to form a thre&dimensional object comprising Hntegrally4aminated plural cured resin 
layers. 

20. A three-dimensional object formed from a phctocurable resin composition according to any one of clainre 1 -1 8, or 
with a process according to claim 19. 
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